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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce possibility of 
contamination on a workpiece and enable highly 
accurate temperature measurement and control in a 
heat treatment device. 

SOLUTION: A heat treatment device is provided with 
temperature measuring parts (Sin, Sout) which are in 
non-contact with a workpiece, and a controller 100 of 
a heat treatment device is provided with a 
temperature estimation part 1 10 for estimating a work sni*— 
piece temperature from a measurement signal of a 
temperature measurement part and a temperature 
calibration part 1 20 for calibrating an estimated 
workpiece temperature. Since a temperature 
measurement part is not in contact with a workpiece, 
possibility of contamination on workpiece is reduced 
and an estimated temperature is calibrated, thus 
realizing highly accurate temperature control. An 
offset table 122 is used for calibration of a 
temperature and an offset value is decided by using 
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relationship between a thickness and a temperature of a film formed by heat treatment. 
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[»*iB2i mjamff«jE»^, 

t - * It IBM £ tltzm I (nWL&m&te 

1 cofR«LS3S«rt(ciEll*^)t« 1 om&ajfltt 
&a**BfS©»&S*#T*fR*Qf31-r 5* 1 coJft&SX 

a*, i*iBio)»ttaffl«»a*±«c*«*^fcK^Bi 
mzmfe-tzis i *>Kj«i£xa t i com^m 
-Rjnuexaj:, 

ffl*IJjE*tf 5^#*2^J»tta*|trt*c|B|t*^fcJB 



«r^tr!B2 wftftis • RflMHJtxa** 

fitness i co«tfl|[»i|^xfit*»j3t$n/i:«i»efB i wf»*&jffi 
ffl »»a#±w«flc t mga« 2 ^WflicHffixs-eais s 

-t<oJt«tt*(cS^5# s «TlE*2coJR«i93Slla)mK?a 
ff tft^SflK <t o Ttt^ $ ixf:lM«:M jEi~ 6 Ac 

a <t jaff t ^wajtttffmcid^riiiie* 
»ftL^^e<D^aff«x^& 0 

RffHKxa fc tf R 3 <D&MM • MJ^S'J^xa <h , 

20 2 ^Rffiaij^xstfaj^^n^iWfiE^ 2 oo^j@ 
ffi«ftts*±<oR«*3 <tt/«nafB 3 (ommm&TMvm 

lWIER*fiSft#Bi«^*^5Rfl[?aa[»ffBI«3» 

imxm 8 ] sftia* 2 wsR^i^i^ici 3 co»r«.s 

S^-CSRteai-SMScojRftLSXSi:, ^3CD^M 
Sffl»toafr±tc^$JxyhR(OR»SrjB!J3ei-5JB3co 

40 ^JfE^ 3 ORflCaOStXS-CSJS * *XfcSftlH» 3 (TD^^S 

ffltt«att±0>KR*3* miis^ i co^aij^xar-aij^ 

SixfcfifHE* 1 (^ffttoSffltfttoSffi^Rff t BS« L < 
*6*-e, «TlB*7-fey Ht»ffiXSfcJ:t/«HE*3(Z? 
m&m • R»a'J3tXSS:j»0iSi-r tSrW«^-t-5»* 

X*£-Ck«9 , 

so **<^«IIE*1 OfRtoSffi»^S*±tCB&|^ — COR 
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&m&£&&mi- sm^rn^fe-ch*) m&yf7 -t y hi 
m&m 1 ommm&j:m.vmj££htziiii&& 1 am 

*4xfc»*a^#iaaE«r«jEi--5fflffttjE»i:, Bea«<8 

tt o»«La3s«*j» > * ^ a 0 

3] MrEMALaasB^mEffifliiaiiKd^ * 

1 EftoftftEfRtoaSSKftJWv-^T 1 A, 30 

1 4 ] ffiEfflfPttBd** l»E#8!fJI#:a£tf> 
#Btta*E»r6fc*<oEITOt!E^*«i-Sr 

#m^-r^is*^i 1 ctt^iMisimpi/^f a, 
[M*jxi 5] ffirRfn«i9ittaM«^^^A3d^ «te 
***a*c«i«s*tfcawa3e«a-e*>or, t^mm 
ib&mmmz <t s ^sic <t o -t «»E«tea#±^*j* 

S^fcBtoK»«:«£+Sfca6<Dja»H«j6a«rHlc* 
«U 9iEaS«jE«sas, K«ffWSftaco»J'feJK*^ 

K^^T*»a*a««r«jEr*rifc#a:fc-r-5iii3ft 

Jll lE«oJR^31»a*J»^xA 0 40 
[00 0 1 ] 

a«a^afl[«iE*ft. ^AviRftaMaiwwi^^A 
{cut, wtcttAa^&^KM^KiiB^iftttaa^oaft 
*:M*Fr«B*fR*&3uaa, jR^sssa^asttiE**, 

[0002] 



jft&Jl, W;ttf C VD (Chemical Vapor 
Deposition), BMbtol^&fT 9 fcff>t?*> 

[0003] ^^N^jR^iai-i-^^^iyN^aasriE 

[0 0 0 4] «3fe(i, *»«*l"4:WJt^:^^>«ra*«jE 

u 9^^Ncoaft4rau3ei-sis»f«Ha*K- 

[0 0 0 5] 

HMW«*L,fc5 4 -*-**■] *i^*r a 

ifcttwfflaatfsrfflv^s*^**, 

[0 0 0 6] >M891ti\ r<a<fc5ft*W<aTK*Snfc 

<> L^tiSiv^s^aSfBW^fT^ r. fc3&s-c#5j»«i 
j®£eB, »«iasiaoafl[«iE*«fe, &j:tm«a3SB 

[0 0 0 7] 

[RJB£#fti-*fcafrO#gl:] (l) ±m<D®LM*M&: 
T N WE«^#«rADj»-t-5/t:«)^P}»»i:, flUEIS^ 

ai*fctt#**<ottttTKfi*4xfea*a3E»i, we 
aAM£»oM£tt#3&»&ttEtttta#<7)tt«L3i{(:aft 

«r««i-sa**3£»t, WEa«««»^J:o-Cif636 

*4xfett^aftaft*ttiEi-6aftiS!jE«fi5i, strEas 

[0 0 0 8] t H*»tt<D«lB^a«»J3Ett <t 

aa at o ay * * & «r E»*a a* <o»«ia#:aff 
««affa*s:iftjE-rsa«tt]E« t «r*-ts ^ t ^ 

6, «E^*<oa«t#^rL^t>il5*»*K:a*-C* 

[0009] r r-c, aft«jE«ds, MrEtttta^aft 
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[ooio] (2) *&wiz.& zm&m&mnimmiE 

tern i (nm&immmftic&mtstitzm i co^sffl«^ 
^^^c^fft^s^r^^s-r^m i wfiMii 

zmfci- z>m i co§n?$i£x*i<t ki i <ni&wm • 

iSIKli^ ^!5fiE^n9-<^^2co^^© 

<nf&mmj£jLm t &<st?m 2 <o&Mm • jbi^sj^xs 

&mm&&m<t±<Dmm t mtzm 2 (Dmrnm^nrnxm 
sternum 2 <Dm^mm^mw±<Dmmt^ttm 

£ zMcffi-r zzt ti-z> 0 

[001 1 ] mi (D&Mmmm tw,2 (n&Mmmm'ttv 30 

(nm^mm&ic^^xmm^>^<Dm^^^mUk(D^ 

<Dmmm&fcftMmz&<$\,^x'<Tz.z> 0 
[001 2] ffi&ffifenm&m&ftxtD&mm 40 

IKco^SrtT9XS$r^tfr k&XZZ> 0 Z<Db$\c 

[0013] Hfrism 1 coi^^xm^, 

Stj|B^2^Maxa^^ ftJlHIi&cDfg 1 <om& 



[0014] o) *Kw^&zf*Mm&mmmi/*ir 
&m^ft{zteteMfr*&mLxm&mt:?ro tz#> 
^i^if^ot, tote-? ztzfoom 

&m t % tm&mtt t mmteommx®m z ntzi&& 

tmmmmmz x or m7££titz&&mm&&* 

[0 0 15] »^a»B^«te31*<btt**ttwtt<»o 

m&mm-t z> mmm^m t ^mm^mz x^xmizzti 

[0016] ^mmmtmmmm^ 
x\ mmmm\z£y>&&<Dm t tommm&mM+zzb& 

[0 0 17] £bt-, IR«!faiS«fW«v'^^A*S % Kff 
[0 0 18] 

RfcW2<DTum\a*&mm<Dffift<D^~7b~ 

/UK 2 ldSK^bturv^So ^^2 3 fi±«SjftSHnSix 
T*d<9, -^^7^— yi- K2 1 (DftMX^nZtiX^^&o 9V 

2 CDTWCT^-*-^ K 2 1 C0±^(c^(c^^tt 

[0019] jffjfE^/£« c 2 rtfCfi, Bl 2 iZTjk-fX 0 (C, 

«»ft-efc5 h 2 3 i:WCit$ntfc 

19, -(D^^/ntK— h 2 3«**2 4 0±JC««&« (Wf 
mm 2 5^^LT^^$^Tl>5 0 
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[0 0 2 0 ] AfliE^vxitf- h 2 3(Cli, j^^^SIST 
ft (c t TMHM i: I- 1M K -> ^ <t **n S n$ 

£*X, #);Llil 5 0ftCO$Sn R D £^^W£jgtt-r5 ^(7D|C 

[0 0 2 1 ] FftfB^ft 2 4 li, ^x/n^ h23 £JK/£ 
S^rttcjftA, «mi-5fcft<7)^— U-<— 9 2 6 O 10 

^K2 lOTdSHBOffl, fiP*>SJStf2 <h-e-*-,u K2 

[0 0 2 2 ] Rfgtf 2 o/5H<cfi«x.tt # «StADj»«: J: 0 
ftst — * aas&ttfcix-cv^o t — * 3iay-> i — 

2 1. t-^3JcJ:!9iipJ»^3ftS«|riESti-5. 20 
[0 0 2 3 ] f*J»2 a (DfomiClt^ 

^ 1 - 5 icatJE LTj»«#*ortfly*flA-i? s 

1 i n-S 5 i n*mm:£tlX\f^Z> 0 *7c, 2 b O 

*HBfCtt:fc — * 3 1-3 50*5/-yi-5(^J6LT 
^m*f^<7)^lJ^ir>i^S lout-S5out 

g£*x-cv>£ e [gl^LTV^v^ wtoMSir^-b-s 1 

in-S5 in, Slout— S5out te^H^ftlfo 
*g2 a*5<fcUWf2 b (ORl^|e:toTlS»El$n 
TV^ 0 ^:^t : 2co$i^f^^i:t> + R^^^ 
^ISM^i^t^ 5 0 30 

[0 0 2 4] HiiiOT^^^x/Nfj;, t^31-35 
^ 1 - 5 K-t ;h^*t*hfc L fc&IEK ^r^^ry^ 
/n W 1 — W 5 t LTttH£*XT^5 0 ^OTx^^x/n 

tSl in-S5 in s Slout— S5out O^iJ^ 

[0 0 2 5] — ;u K2 1 fdfi, ftf 2 a 

«r#*&1-* ct 5 lc*»o;tf jWRtf 6*tT*J 9 , 40 

Bl-C«ffiS±2*(0^^«*6fl c 5 l s 5 2^lTi) 

[0 0 2 6 ] 3E(;:*fc^=.*-vU K2 1 2 a 

x ( t + 1 ) = A • x (t) + B • 
y ( t) =C • x (t) +u (t) 

r ~T\ t : B#r«i 

x (t) : n&7C#tfi-<^ Y/V 50 



ic*Bt**i-o*s. t**«2 7(7^^{c(iKi^t : 2^(;) 

[0 0 2 7] w^MSJRtoaJSflKi, R«?*2rt(Z)tta 

tti^, hp-^ioocii, f&S-tv-tf-s 

1 i n — S 5 i n , Slout~S5out frb&Wfc 
in^l)>At)£tl, t~^3Wf^^>'hD-74 1~4 
5, E^i»2 8, SftflflBfiffli 6 1 , 6 2l£fM»fH§- 

[0 0 2 8] ^(Cxi> ho-710 0<D3¥#fB(CO^Tidi 

-<5> e E13ii, 3yhp-7ioo^gMoH, 
60 El 3 (c^i-i: 9l:^yhn- 7 i ooil MS-fey 

i^Sl i n-S5 i n . Slout— S5ou t t!)>£>(7} 
fc^f^g^T^^Lfc^* yx/N\v 1 -W5(D 

iSiST r-T5' Sra*i-2»ta«*ts» no, 

ST l-TS^fcH;^ SffiSttlEfflSl 2 0, ?fiS»IEg|5 
i o ^ il/cKlE^T 1 - T 5 ^ Itj 3 

> hn-7 4 1-4 sizmmit^&mtftz t— *f&j» 

§151 3 0, ttjEfiftT 1~T 5 «£fBft-*- 5 IE»«S1 4 

[0 0 2 9] ISftAS 1 4 Ote, «jEi&£T 1 -T 5 £»J 

^^Itftfft51i^-Ct5, fa^tfclESiSl 2 Ofi, 

^-T5 7ci60^yir ^ MIOF 1— OF Sfi*&£thtc.* 
7±V h^-^H 2 2^»«Stt7b^"7-fey h^P^^5 
1 2 4^M^5o 

[00 3 0] i4(l, ^>l>P-7l00ia5t-^ 

(A) ^I(DyDt7^TO$tlSi (S201) , 
ffi.&± >V Sin (SI in — S5in) > Sout 
(Slout-S5out) (Dmfem 1 
1 Ofaotfe^ ib^,5 (S 2 0 2) o 
[0 0 3 1 ] (B) ?&£#£££M 1 0f±, faitir^ihS 
in, Sou tOlSHf^^^i)x/NWl^W5 

*jx-«xa>jisj£ifi«T 1 '-T5' ^»m-r-5 020 

(1) , (2) SrfflV^ri^TtSo 
(t) s£ (1) 

a (2) 

y ( t) : m^Tcm^l^^ h/V 
u ( t ) : r ^7cA^J-<^ h/u 
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A, B, C : *t\?t%n x n , n x r , mx nCO^&ff 

[0 0 3 2 ] it ( 1 ) ^tt«*S5t, ^ (2) a«m** 
a^tWitl, it (1) , (2) £ig£LTfc?< - klz. 
Atl^t h/Uu (t) {cftlfc-fZtti?)^? b^y 

(t) &*tbz>zk&vzz> 0 *nmMmiz.*>\,^xi*A 

t)^? hvUu ( t ) IZI&m-t >-^S 1 in-S5in, 
Slout— S5out CD 0 , £tJ^-<? h 

(t) lilSiatTi '-T5 'TifeSo 

x (t + 1) = A • x (t) + B 
y (t) = C • x (t) + D • u 

t : n#m 

x ( t) : n^7C^-<^ h/U 
y ( t ) : m^5cf±l^-<^ h/U- 
u ( t ) : r ^5cA^J-<^ b/t- 
e ( t ) : m&7C$t^-<^ h 

A, B, C, D, K:tWilnXn, nX r% mX 
n \ m X n Xm^jllctT^J 

[0 0 3 5] SftfT^JA, B, C, D<D&&-&&j£titl 
T i =T i '+OFi 
Cr"C, i : *~*<?^<D&W&i&-tmtt (i=l 
— 5) 

Ti ' : i)x/nW i (D^WSSlSL 

OFi : ^x^W i <DUJg*7± y hffi 

[0 0 3 7] (D) t-^f»J»fflSl 3 0li % «jE«&ffiT 
i ^Sl:t-^ 3 1- 3 5 0fc5^^aiMh l-h5 

Tffi^lL (S 2 0 5) , fc — * 3 1 -3 S^n^ftCDffi 
**»J»S*lS. (E) J»&Jl:/ulr;*^TLTV^ 

mm'mmn ^ti^ (s2oe, S207) e 

[0 0 3 8] ft*^ :^T77'S 2 0 2^^S206 
[0 0 3 9] (S2 Utt^ffi) &tC*3i§93co3l 2 coUft 

[0 0 4 0] KT, B5^S-5t*:Sll6?gffiJC«5«i*0. 

[oo4i] (a) jKiw«ifea3g«rt*cBaBsn/ca 

l 10-1 (S 3 0 



[0 0 3 3] 3* ( 1 ) % (2) (C*$^T, »*-fe>*S 
in, S o u t C0$|5tff ^-<bte£rl&T 1 ' -T 5 * 
li, #Afflfico|»{fcU:ab5o Hp*>, t-^3W/-yi 
- 5 ^-nfiili^x^^x/NW l — W5 oUrtilftUztt 

[0034] #mtt*mi*m***&Lit*. o) , 

(4) 
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• u (t) + K • e (t) 5£ (3) 

( t ) + e ( t ) it (4) 

tf. * (1) , (2) (3) , (4) £ig£L 

Tft? <C^ia^ a^-fe >tSl in-S5in, S 
lout— S5out cO$J^f *f£?&ST 1 — T 
5«rIfttJ-e#5 0 /<t*5, SfttT^JA, B, C, D£##> 

[0 0 3 6] (C) fflUKtfclEfflSl 2 0H, ^E--* £:r^ 
Wi (W1-W5) O&IB&gT i SrgttJi-^ (S20 
20 4) o ^e-* ^x^w i (DmiEumr i cogmti, 0»J*l 
tfoff^^ (5) (aottT^a, 

* (5) 

1) o AttttKfi, M«»J«Jl«ftia#:i: LTM^^ 
Lfc^~ ^ -)xyNW 1 -W5^i 1 tf>f?fc*£l5I^®(C 

W 1 -W5 WSMST 1 m-T 5 mfc J:^ 

tSl in- S5in, Slout— S5out CD$IJ^ 

30 [ 0 0 4 2 ] % 1 <7>!R&S*«Offij£Ji5£«$ 110-1 

%\z3&s<tz& o) N (4) (DfemmA, 

B, C> D^St^r <>:(cJ:oTfTX.-5o ^fttr^J 
A, B, C. DttJR^3ffi««Ol»4*ttlCj:oT5fe*»9, 

[0 0 4 3] Aflettfct*, fiStyfS 1 i n-S 5 i 
n, Slout — S5out <7>8H6fi ^RTf^t — Z 

1 — W5<nm®mfeT 1 m — T 5 mOr — 9 £r#lx_ 
l|y7h!)xrMatlab «:The Math 
40 Works. Inc., WM : •fr'f'^y hi/^'rJ* 
**#tt) tcA^-r^r^-C, «»t?^JA f B, C^rifi? 

[0 0 4 4] *«>P>tbfeS*tTyiJA, B, C, D 

(3) , (4) ^igVtL-tStti^n/cli^MST 1 ' - 
T 5 ' tmWmmT I m-T 5mAS-St-5t>0*S« 
(^-r/^^Wffi) o I^)t#0^7t^ hfOF i 

[0 0 4 5] wCOJ: 9(:tT, »1 <D^MS^g^^oU> 

so T*as«^ffl.i i o^nsESn^Jts*, ^^^^x^w 
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2> J: 9l:/j:6o 

[0 0 4 6 ] (B) tti^TWl wjRfcSiasllrtJcKllS 

-W5-1) SrWffiWfR»ai*«= (gSSg^n-tr* u-> 
t") 1 »«*fe«ffltt««#±|c*j« 

$nfc^(7)flll?^«ij^-r5 (S 3 0 2) o 
[0 0 4 7 ] lITl^^Pt^C'x^i:!! ^x/nI 

■^Ottg-r^^g*!^^^ !)x/nW 1 -W5 tm—<0{& 10 
E^i-5o BP^, yat^^x/NWl-l-WS-l 
its tfl^tl^^* ^x/nW 1 -W5 <b<0T- 

[0 0 4 8] yPt^>)x/NWl-l~W5-llj; N ®J 

b$lt>Z> b Z ?>itt£\i\ ^It, /Dt^[)x^Wl- 

l -W5 - l ^^e^^r)x/NW i -W5 kMfc-tZfem 

J-«Ki-5^fi, -^CO^gCO^niyN (^-^r) X /NWl 

-W5) -caito3ljH*5j;06«**sfft>H6BB««c:J; 

6 0 20 

[0 0 4 9] t(DyDt7,^x^wi-2-W5-2^ 

[0050] m 6 te&Mmm&®>mft (zfxmxtr^^ 

W 1 - 1 -W 5 - 1 ) \CMi-Zm&M4k{*<D 1 L 

[0 0 5 1 ] gc^aftT0(C*5V^T^3i^WdSJfc«LaSI 
Hrt(-«RA (n— y=> ^JtO-t 1M 30 

3Cfc^T, ^X«f 5 1, 52J;U«ttfSiH2 
C 1 2 *5j:t5NH3 #*Sr*AU ^SlST s pfCio 
l>"C:/u-fe* -)x/nW1 - 1 -W5- 1 JildS i Nflg^ 

<7)#A£:#ll: LB#£iJ t 4tT/Dt^')x^wi - 1 — 
W5 - 1 <DT=- — 0 (7x-/Hg) 0 ^COSL 
Mlt (fti&Xg) ^ot^^x^wl-l-WS- 40 
1 *rKDffli- 0 

[0 0 5 2] JSftflSSrfT ofc^Pt7|>XAWl - 1 — W 
[0 0 5 3] £X±(D (A) - (B) *T?(7>Xa»i«*.tf 

a»jE«rfT3o 50 



[0 0 5 4 ] ::"C, y 3 0 2 <7)f5f£<7)&&Jl 

^tt^LTIi, ynt^^x^Wl - 1 — W5 - 1 ±{C 

2 co$MQ.JI3£K£ z<n ft vmffl-t Z> Z b 

[0 0 5 5] jfefc, «Bt*a5fift 

[0 0 5 6] (C) fflfttfi!iE^tT5-<*JR2CD«i«ia3g 

2-W5-2) RFrH«l*in«IL 

*»]3£1-S (S 3 0 3) 0 Z<Db£<Dm&im&<*t LT 
fi^-r y^S 3 0 2 cof^^^i: [^-co#:# 

[0 0 5 7] ^Ty^S 3 0 2T*M^MMl^ 
S^^Ii, Tx-/H^) t>^f^S 3 0 2 i:pj 

[0 0 5 8] 12 coj&^^fltefr 1 cofR^S^g £ P 
fit, 1R 1 O^ISIT^I Lfc!flfl[«*«f|J 110-1 

tm-coummmui 1 o-2^^^t#s: 

t«r«iEi-*fc«)-C*)S (5* (1) , (2) *fcte5£ 
(3) % (4) (Dfc&ftWA, B, C, D^l(7)gl 

[0 0 5 9] jftlRfcrfrofc^u-tr;* [)x^w 1 - 2 — W 

[0 0 6 0] (D) ^f^7 P S 3 0 2^J:(;S 3 0 3-e 

n (S 3 0 4) 0 CO^fi7 p Pt^')x/NWl-2 
~W5 - 2 rtlCfT^tlS, IP*>, ^Dir^^XAWi 

-UWi - 2 (7)BI*offl»dSiaillBH (0Jxte\ K* 
CO@«ffl:JC»LT0. 1%J^T) -Cfctttt, t7ty h 
IOF i « 0 bft&o ^tt, ^T^yDt^^x/NW 
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(8) 
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1 - 2-W5 - 2 -C*l)£^Y e s X hft,t££.X&*7 ir 

lil^Tt6 (S 3 0 8) 0 
[0 0 6 1J (E) S 3 0 4C)WNof)i: ^tCl*. 

/□t^^xyNW i - 2 <tw i - l <nmmo>te&^&<> 
^Tm2<o&Mmmm.o>mj£*7-t y mof i znm 

(S 3 0 5) 0 7'Pt^')x^Wl-2iWl-'l 
& 1 O^I^itnfiXWT'otX^x/NW i - 2 <t 

So 

[0 0 6 2] f£ 2 tf>#V&ffi£© t m 1 <^*&»£gte^ 

-f ti h m-<o®7Em&T s P r$*&n£fT or v^o * 

It, ^2^f»\*Q ; 3@^g(C^l>T^n-txr>^>'NW i CO 

mfel&m T i ' &z (7)|9:^mS T s P M-fH- S J: 9 tc 
3y^-7iOOi;J;orM^5o t£oT\ 

t7^x/N\Vl - 2 ^Wl - 1 CO^^teitli, m2<D 

V = C • e x p (-E 
err, C : ^o-tr^^ft M/Dt^lcJ:oTti 20 
S£») 

Ea r^lb^^wu^- 0&j^:/nir*O*i^(C J; or 
££S5£») 

k : 7tf/u:y^>^$: 

UV/5T} /V= (Ea/ (k • 

So 

[0 0 6 7] ^{b^^/i-^-^^nir^cD^, 

KfcX* S i H2 C 1 2 *>J:U<NH3 frbCDS 30 

i Nm<oj&f&<D x o KKfoT&mc x or zcom 
rtei. 8 [ev] &4sr t^^p > txrv>s 0 t£o 
r N ceo j: p^^iimt-a^^r^A-f-n^ iiw 

^&C0fit^#3:S 0 

idV/dT) /V= (d 2-d 1) / 
[0 0 7 1 ] 5£ (7) fc* (8) ^LVN^t, 5t 

(7) o^ust«^imst i tm< £, 

T2=T1+ [ (d 2-d 1) /d 1] 
[0072] Ea, k, T 1 , d2, d ltt, flot^ 
S£>r\ T2^T i 2(Cg#m^5C^r, »2(75}ft«l 40 

MI*«T i 2H«)5:im5. 

OF i =T i 2 -T i 2 ' 
[0 0 7 4] JH±tt, *flB**iflgO»^£WcLTSfc 

■Tft»**ctt (tt&imifefclR) , ricHilffif*:^ (6) 

[0 0 7 5] wO«»Cct>K*j:«|IQ<7>aiftnBB«dSfij 

X 0 = f (T f t ) 



So 

[ 0 0 6 3] IB 1 OJRftiJaKll-Cd^P-t^^^^NW i 

- i w»toa*?affi*±ii»ij(cj:or«jE«^r*>sA^ 

S2Wj^«i^(i<7DjRJt#^(cm l <»&Mm%iBL<n*: 
ft ate* (S6Hoffltt) , f&2co#ifci 

sgBr^o-tr^^^w i -2<oti^a«T i '(c 

[0 0 6 4] Z<Dm&&*7-t y hftO F i iZ X otft 
IE-t5 0 ^-^ir^ FIOF i 0>*m{cteMff<7)3E{t:fi<t 

4#r#s c WTC IlMM(co^rrat6 0 
[0 0 6 5] HWco^Kftjia (ricfltiS*) vii, Miltf 

CVD (Chemica 1 Vapor Depos i 

t i on) <dx o*m(omffixfti?ti%i§mt l z±<>xf& 

IKiiS^^*S^ffi»i$iaa(C*5^rW, TI5 (6) it 
<nm&& t xmt>£ftz>z ktftobtix\,^z> 0 

\ / ( k T) ) 5fc (6) 

rfcSo 

[0 0 6 6] * (6) &ffi«TlC#LTffl»#-*-**5*; 
(7) ^#<bftS 0 

r * 2) ) [l/r] a: (7) 

[0 0 6 8] £JLkCQ<fc S£ (7) *dfiH4fk3i^/U^ 

-e a tttmST^^AtstiiiiiSM {av/ 
[0069] »2<D»«LS3S«icj:or«i«ia$ 

ftfc^n-fe^^^W i - l , Wi - 20^H:^^ 
1 , T 2 b-tZ> 0 

[0070] z<Dt% <omm-U&»» {dv/dT} / 
vte, 9:^^ (8) (ctot^^ti^o 

[d 1 • (T2-T 1) ] -ft (8) 

cd^: (9) as*tt*o 

• [k'Tl " 2/E a] — SC (9) 

[0 0 7 3] * LT, iry^z y MttO Fi(t SS 2 

i 2 ' SrSJc, &coft (l o) £ffi^r##>£e 

« (10) 

RVIL Dea l^Grove ^ J: Sltt^^^l bHr 
V^S : Andrew S. Grove " Physics and Technolo 

gy of Semiconductor Devices" 1967) 0 

[0 0 7 6] mmx o oim^, ^^a; (ii) r^ 

• 5£ (11) 
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T : tfe*Nfi£ 

uv/ai) /v 



I d 2 f (T, 



{0 0 7 8 ] (8) ^ (12) 

fc<^<t"C, «ffi#igiSSw»^i:lH]«^^-7-fe y hit 
OF i &#tbZZtfcV$Z> 0 

[0 0 7 9 ] j^±, ^JKigj**fc(ii»ff<;)a»^: 

(6), ( 1 1 ) [z&r$Z*7-ty h«OF i io 

[0 0 8 0] ZCOi 9*a»**rfflv>-r, |1W 

rn*t^(cJB2<ojRftia36«-eo^-7-feu/ hlOF i 
[0081] rwt#o*«:ftftiit»ja*«»oi|[ffl 

W±oBWd 1 &a"Jjei-5o (H6tc^:^-J: 5 20 

[0 0 8 2] r^«l(:^lT(l fiR«XS*tC*5Jt 

£5frffcB$P.O ( t 2 - t 1) fc5coas#£L 

UV/aT) /V = (d 2-d 1) / 

[0 0 8 5] (F) »2<OfRftl31SI|grt(c:»3<75»toa 
(7°PtX ^x/>w 1 - 3 ~W 5 - 3 ) Srifi 
lit, (iiT'PtXUv't') X$& 30 

*>IK*£«9*-r3 (S 3 0 6) 0 

[0086] m&kmn&mzs 3 0 2<D^^^y p tm— 

J:oT*ffl$*x^^-7-fey hffOF i {ca<5v^rjRtoai 

3 (W1-3-W5-3) *COV>TI* N 7 V 

[0 0 8 7] (G) ^T«>7 P S 3 0 2^J:l>'S 3 0 6t 

teWfe-TZ) (S 3 0 7) 0 
[00 8 8] l^W^ii/PirX^x/NW 1 - 3-W5 

- 3 r:^ictf^>n^o fiP^> /nir^>)x/NW i - 1 1 

{dV/dT} /V= (d 3-d 1) / 
[0 0 9 3] rcDxt (14) (8) *mtL£ltX$k 

(T3-T 1) / (T2-T1) = (d 

[0 0 9 4] M<Difc%imm&&T 3 s T2J*E* 

T<£>£ 9 (-^^ ir^ -)i^W i - 3 £ W i - 2 -^tt^tL 

T3=T3 ' + OF i 



[0077] -t&kmmti&tolk (av/ar) /vii 

frcOxt (12) "C^i"^ tfrv$ 5 0 
t ) / (a T 3 t ) } / i (T, t ) 
5t ( 1 2) 

[0 0 8 3 ] © ®£fi^tt£59:5£ffij£T 2-Ox/nW 
±{C/&flflU -)^^W±(7))ilici2^i^t6o C<7)<t 
#39:3£fflftT 2 £ T 1 fimtf 5ti«M^I«rffi^ 
60 wCOgft^afteoUT 2 -T 1 tJBtl?li 
d 2 - d 1 riS/hi* < 0 v 0»*(O9!j^||^RgH^ 
60 I$iT 2 - T 1 ^^#t?tl(flf iSi 

2-T 1 fi^lcffj- (^Jx.fi\ 5*0 *tePg*>-f, 

[0 0 8 4]® Rff&s^ft { a v/a t} /vb; 
t<o^ (1 3) (-s^^r»tb-r^ 0 

[d 1 • (T 2-T 1) ] -• (1 3) 

3 0 5 7 -t^ MtOF i lijELvHB-cfcar 

[0 0 8 9 ] ^TcO^D-feX ^x/nW 1-3 - W5 — 3 
TM3ta*Y e s -CfetV^T(D^-fe y MO F i f±jE 

L^«T-fco, *2ojfcftaas«<oaLaiRiEttj»Ti-* 

(S 3 0 8) 0 

[0 0 9 0] (H) S 3 0 7^j^NoO^|Clt 

[0 0 9 1 ] ^Pt^^x/NW i - 3, W i - 2, *D<fc 
IW i - 1 ±*tV?tl<Dmm*d 3, d2, dltl, 

[0 0 9 2 ] t6i/Pt^ f)x/NW i - 3 £ W i - 1 

j£ (1 4) ^f>W5^^m$c 

[d 1 - (T3-T1) ] (1 4) 

T<Di£ (1 5) £*ffi-C*5 0 
3-d 1) X (d 2-d 1) 

a (1 5) 

W*£iaST 3 ' , T2' <h ^"^ir y hlOF i £#ccd 

(16) 



(10) 



M 2 0 0 2 -4 3 2 2 
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T 2 = T 2 ' +OF i 
[0 0 9 51 ^ (1 5) [Cit (16), (17) £ttA 
-fZ>t**n&l*0 F i y hfflO 

F i ZXtbhixZ - :<?)J:9l:Lr^7 r/ 

5 3 0 2, S 3 0 3, S 3 0 6 (C J: 6KVM£ttrjft$r¥iJ 
m-fZ^k-?. m&j£ (6) , (11) tL< li*tfJCD 

So 

[0096] (i) c^i^icLT, mi<om^m^m 

[0 0 9 7] ±iE3llSfctf>ff2l|gfc «t*uf, SB 1 Wjft*Q.^» 
BI-*5V>T ^^^<omSL r £ t'lfl^^ 

ft«3SB<aBft«iE&fTo-c^*o 

[0 0 9 8] rcofc^, fa««IEO»fti:/ ( c5iK2<7>lfe 

[0099] (13 n%^«8) acK*»W0>» 3 (D-mm 
Mmidzmm-rz> 0 ant **io»3on*^i8 

[0100] El 7 *c^£jft,5 J: 5MS»3£B3 0 0, «l 
&9ISB 4 0 0 A, 4 0 0 B . RfffflJS&B 5 0 0 
y h? — * 6 0 O^LT^HT^^ Wgf 3 
0 0(DF^^fiJc(ilH3(7)=3 v 10 0 tm&Xfo 

9 s *M0«3£B 400A, 400B (Dft&ffititnm 1 tC 
m'tlfo&iW&m.frh^^ 1 0 0£Bfc^L7ct><7) 

#***lSo SP^. W8I3 0 0I1 ias*s»i l 

0 , MgtfclESP 1 2 0 , t-^^ai 3 0, 15^95 1 
4 0£{i;i£ o 40 
[0101] 8W&S3SB4 0 OA, 4 00B}t Rl&W 
2, 

00^ LftJ®J^g 3 0 0 ^«ftOlR«! ! SSlt 4 0 0 
A, 4 0 0 B ^rtiif tlSI»t5 : t J&s t§ 5. 
[0 10 2] flfJ?^l^^g5 0 0#*:y H!7-^ 

6 0 0l:gl^ftltt^/ci(), Rffa]£SB5 0 0(D»1 
ftJtt*S:fW«l*«3 0 0Jc»#J:<fia-e**. rcorc so 
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5t ( 1 7) 

OA. 2 0 0 Bc/)^IE^itii^"/J^o«g^|(CtT9 - £ tJ5"C£ 

So 

[oio3l :;-c, ^JW13 oo^ h 

6 0 0^^ff, M1^I4 0 0AICI^^-C# 

MK14 0 0A, 4 00B(OMft^X.61(b^ 

Mii2 0 OA, 2 0 0 BCO^JIflll^^^ictT^^o 
[0104] (^<75to^HSte^) W±^l6^<7D|g«S^ 

[0 10 5] f»*QfJl3£fil±, reSMR&JIJF, £>S^I*/< 

[oio6] *fcjRte3a<DBttttttik, t~-/k nafift 

flJlOfl^ CVD (Chemical Vapor 
Deposition) \Z.£ Zf&m (0»J;ttf, S i 
<Df&m) W>-ftlX feottSlJi^V\ gptb, MS 

[0 10 7] fc— ^fi. £#£4xTV^< Tt>&l>U 

v\> 

[0 10 8] 

So 

[glffi(OfBm^»^] 

[mn «^^5M^igi^^t-mii 

So 

[H]3] **W^ff5ffi^a»«^ = ^Kn — ^Of** 

[Hi 4] ^W^WSJRteaJSIlwavhn-^^J:^ 

[0 5] **W«c«SfR*Q.aSSKo®ff«iE*-ft<D#(IB 

[B6] *»W^«5fRtta»B(75fflftttjE*S-t?ffl^ 

[H7] **M^«Sjftto313SB»J»^^^^«r*i-^ 
p y^mxh^o 
[»*«)»«] 

2 RjE&tf 
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